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(57) ABSTRACT

A surgical instrument includes a handle assembly having a
trigger operable to fire a staple driver to staple tissue. The
instrument includes a pointed rod to which an anvil may be
coupled. An anvil detection feature is included to determine
when the anvil is coupled to the rod. In some versions, the
anvil detection feature comprises a translatable rod that inhib-
its a lockout feature from disengaging. In other versions, an
anvil sensing tube is disposed about the pointed rod and
interferes with actuation of the trigger in a first position. A
recess in the tube permits trigger to actuate when the anvil
sensing tube is in the second position. Alternatively, a resil-
ient tab is coupled to the pointed rod and resists actuation of
the staple driver. A trigger lockout assembly may include a
spring-loaded button that “pops™ out when a push rod is
actuated, thereby freeing a pivotable lockout feature.

10 Claims, 28 Drawing Sheets
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TISSUE STAPLER ANVIL FEATURE TO
PREVENT PREMATURE JAW OPENING

BACKGROUND

In some settings, a surgeon may want to position a surgical
instrument through an orifice of the patient and use the instru-
ment to adjust, position, attach, and/or otherwise interact with
tissue within the patient. For instance, in some surgical pro-
cedures, portions of the gastrointestinal tract may be cut and
removed to eliminate undesirable tissue or for other reasons.
Once the desired tissue is removed, the remaining portions
will need to be recoupled together. One such tool for accom-
plishing these anastomotic procedures is a circular stapler
that is inserted through a patient’s orifice.

Examples of such circular surgical staplers are described in
U.S. Pat. No. 5,205,459, entitled “Surgical Anastomosis Sta-
pling Instrument,” issued Apr. 27, 1993; U.S. Pat. No. 5,271,
544, entitled “Surgical Anastomosis Stapling Instrument,”
issued Dec. 21, 1993; U.S. Pat. No. 5,275,322, entitled “Sur-
gical Anastomosis Stapling Instrument,” issued Jan. 4, 1994;
U.S. Pat. No. 5,285,945, entitled “Surgical Anastomosis Sta-
pling Instrument,” issued Feb. 15, 1994; U.S. Pat. No. 5,292,
053, entitled “Surgical Anastomosis Stapling Instrument,”
issued Mar. 8, 1994; U.S. Pat. No. 5,333,773, entitled “Sur-
gical Anastomosis Stapling Instrument,” issued Aug. 2, 1994;
U.S. Pat. No. 5,350,104, entitled “Surgical Anastomosis Sta-
pling Instrument,” issued Sep. 27, 1994; and U.S. Pat. No.
5,533,661, entitled “Surgical Anastomosis Stapling Instru-
ment,” issued Jul. 9, 1996. The disclosure of each of the
above-cited U.S. patents is incorporated by reference herein.
Some such staplers are operable to clamp down on layers of
tissue, cut through the clamped layers of tissue, and drive
staples through the layers of tissue to substantially seal the
severed layers of tissue together near the severed ends of the
tissue layers.

Merely additional other exemplary surgical staplers are
disclosed in U.S. Pat. No. 4,805,823, entitled “Pocket Con-
figuration for Internal Organ Staplers,” issued Feb. 21, 1989;
U.S. Pat. No. 5,415,334, entitled “Surgical Stapler and Staple
Cartridge,” issued May 16, 1995; U.S. Pat. No. 5,465,895,
entitled “Surgical Stapler Instrument,” issued Nov. 14, 1995;
U.S. Pat. No. 5,597,107, entitled “Surgical Stapler Instru-
ment,” issued Jan. 28, 1997; U.S. Pat. No. 5,632,432, entitled
“Surgical Instrument,” issued May 27, 1997; U.S. Pat. No.
5,673,840, entitled “Surgical Instrument,” issued Oct. 7,
1997, U.S. Pat. No. 5,704,534, entitled “Articulation Assem-
bly for Surgical Instruments,” issued Jan. 6, 1998; U.S. Pat.
No. 5,814,055, entitled “Surgical Clamping Mechanism,”
issued Sep. 29, 1998; U.S. Pat. No. 6,978,921, entitled “Sur-
gical Stapling Instrument Incorporating an E-Beam Firing
Mechanism,” issued Dec. 27, 2005; U.S. Pat. No. 7,000,818,
entitled “Surgical Stapling Instrument Having Separate Dis-
tinct Closing and Firing Systems,” issued Feb. 21, 2006; U.S.
Pat. No. 7,143,923, entitled “Surgical Stapling Instrument
Having a Firing Lockout for an Unclosed Anvil,” issued Dec.
5,2006; U.S. Pat. No. 7,303,108, entitled “Surgical Stapling
Instrument Incorporating a Multi-Stroke Firing Mechanism
with a Flexible Rack,” issued Dec. 4, 2007; U.S. Pat. No.
7,367,485, entitled “Surgical Stapling Instrument Incorporat-
ing a Multistroke Firing Mechanism Having a Rotary Trans-
mission,” issued May 6, 2008; U.S. Pat. No. 7,380,695,
entitled “Surgical Stapling Instrument Having a Single Lock-
out Mechanism for Prevention of Firing,” issued Jun. 3, 2008;
U.S. Pat. No. 7,380,696, entitled “Articulating Surgical Sta-
pling Instrument Incorporating a Two-Piece E-Beam Firing
Mechanism,” issued Jun. 3, 2008; U.S. Pat. No. 7,404,508,
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2

entitled “Surgical Stapling and Cutting Device,” issued Jul.
29,2008; U.S. Pat. No. 7,434,715, entitled “Surgical Stapling
Instrument Having Multistroke Firing with Opening Lock-
out,” issued Oct. 14, 2008; and U.S. Pat. No. 7,721,930,
entitled “Disposable Cartridge with Adhesive for Use with a
Stapling Device,” issued May 25, 2010. The disclosure of
each of the above-cited U.S. patents is incorporated by refer-
ence herein. While the surgical staplers referred to above are
described as being used in endoscopic procedures, it should
be understood that such surgical staplers may also be used in
open procedures and/or other non-endoscopic procedures.

While various kinds of surgical stapling instruments and
associated components have been made and used, it is
believed that no one prior to the inventor(s) has made or used
the invention described in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which par-
ticularly point out and distinctly claim this technology, it is
believed this technology will be better understood from the
following description of certain examples taken in conjunc-
tion with the accompanying drawings, in which like reference
numerals identify the same elements and in which:

FIG. 1 depicts a side elevation view of an exemplary cir-
cular stapling surgical instrument;

FIG. 2A depicts an enlarged longitudinal cross-section
view of an exemplary stapling head assembly of the instru-
ment of FIG. 1 showing an exemplary anvil in an open posi-
tion;

FIG. 2B depicts an enlarged longitudinal cross-sectional
view of the stapling head assembly of FIG. 2A showing the
anvil in a closed position;

FIG. 2C depicts an enlarged longitudinal cross-sectional
view of the stapling head assembly of FIG. 2A showing an
exemplary staple driver and blade in a fired position;

FIG. 3 depicts an enlarged partial cross-sectional view of
an exemplary staple formed against the anvil;

FIG. 4A depicts an enlarged side elevation view of an
exemplary actuator handle assembly of the surgical instru-
ment of FIG. 1 with a portion of the body removed, showing
a trigger in an unfired position and a lockout feature in a
locked position;

FIG. 4B depicts an enlarged side elevation view of the
actuator handle assembly of FIG. 4A, showing the trigger in
a fired position and the lockout feature in an unlocked posi-
tion;

FIG. 5 depicts an enlarged partial perspective view of an
exemplary indicator assembly of the surgical instrument of
FIG. 1 showing an indicator window and indicator lever;

FIG. 6 depicts an diagrammatic view of the indicator win-
dow of FIG. 5 showing an exemplary indicator bar and exem-
plary corresponding staple representations;

FIG. 7 depicts a partial side cross-sectional view of a sur-
gical instrument having an exemplary trocar with an anvil
presence rod;

FIG. 8 depicts an enlarged partial cross-sectional view of
an exemplary anvil detection assembly having a resiliently
biased tab, an exemplary staple driver, a trocar, and an anvil;

FIG. 9A depicts a partial cross-sectional view on an alter-
native anvil detection assembly having a pair of spring clips,
shown in an extended position;

FIG. 9B depicts a partial cross-sectional view on the anvil
detection assembly of FIG. 9A showing the trocar and spring
clips in the retracted position without an anvil attached;
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FIG. 9C depicts a partial cross-sectional view on the anvil
detection assembly shown in the retracted position with the
anvil attached;

FIG. 10A depicts an enlarged partial longitudinal cross-
sectional view of an anvil detection assembly having a pair of
resiliently biased locking features with magnetic portions;

FIG. 10B depicts an enlarged partial longitudinal cross-
sectional view of the anvil detection assembly of FIG. 10A
showing a complementary anvil coupled to the trocar and
aligned with the magnetic portions;

FIG. 11 depicts a side cross-sectional view of an exemplary
surgical instrument having an exemplary anvil detection
assembly with an anvil sensing tube;

FIG. 12 depicts an enlarged partial perspective view of the
distal end of the anvil detection assembly of FIG. 11;

FIG. 13 depicts an enlarged partial perspective view of
another exemplary anvil detection assembly having an exem-
plary alternative anvil presence tube with a cup;

FIG. 14 depicts an enlarged partial cross-sectional view of
yet another exemplary anvil detection assembly showing an
exemplary alternative anvil with a split collet shaft and a pair
of tabs;

FIG. 15 depicts an enlarged partial cross-sectional view of
a further exemplary anvil detection assembly showing a tro-
car with spring-loaded pins;

FIG. 16A depicts a rear cross-sectional view of an exem-
plary surgical instrument showing an exemplary lockout but-
ton assembly with a button shown in a first position;

FIG. 16B depicts a rear cross-sectional view of the surgical
instrument of FIG. 16 A showing the button cammed to a
second position;

FIG. 16C depicts a rear cross-sectional view of the surgical
instrument of FIG. 16 A showing the button actuated to a third
position;

FIG. 17 depicts a side elevation view of the surgical instru-
ment of FIG. 16A with a portion of the body removed;

FIG. 18A depicts a rear cross-sectional view of an exem-
plary surgical instrument with an alternative exemplary lock-
out button assembly, with a button shown in a first position;

FIG. 18B depicts a rear cross-sectional view of the surgical
instrument of FIG. 18A showing the button cammed to a
second position;

FIG. 18C depicts a rear cross-sectional view of the surgical
instrument of FIG. 18A showing the button rotated to a third
position;

FIG. 19A depicts a partial perspective view of yet another
exemplary lockout button assembly with a button shown in a
first position and an anvil pin inserted therethrough;

FIG. 19B depicts a partial perspective view of the lockout
button assembly of FIG. 19A showing the anvil pin removed;

FIG. 19C depicts a partial perspective view of the lockout
button assembly of FIG. 19A showing button actuated to a
second position;

FIG. 19D depicts a partial perspective view of the lockout
button assembly of FIG. 19A showing the button rotated to a
third position;

FIG. 19E depicts a partial perspective view of the lockout
button assembly of FIG. 19A showing the button actuated to
a fourth position;

FIG. 19F depicts a partial perspective view of the lockout
button assembly of FIG. 19A showing firing bar actuated
relative to the button in the fourth position;

FIG. 20A depicts a side cross-sectional view of an exem-
plary surgical instrument having an alternative lockout button
assembly shown in a first position;

FIG. 20B depicts the alternative lockout button assembly
of FIG. 20A shown in a second position;
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FIG. 20C depicts the alternative lockout button assembly
of FIG. 20A showing a proximal end feature pivoting a pivot
member;

FIG. 21A depicts a schematic view of an exemplary inter-
lock safety assembly shown in a locked position;

FIG. 21B depicts a schematic view of the interlock safety
assembly of FIG. 21A shown in an unlocked position;

FIG. 22 depicts an enlarged partial perspective view of the
interlock safety assembly of FIG. 21 A showing an exemplary
anvil rod in the locked position; and

FIG. 23 depicts an enlarged partial perspective view of the
interlock safety assembly of FIG. 21 A showing an exemplary
safety lever in the locked position.

The drawings are not intended to be limiting in any way,
and it is contemplated that various embodiments of the tech-
nology may be carried out in a variety of other ways, includ-
ing those not necessarily depicted in the drawings. The
accompanying drawings incorporated in and forming a part of
the specification illustrate several aspects of the present tech-
nology, and together with the description serve to explain the
principles of the technology; it being understood, however,
that this technology is not limited to the precise arrangements
shown.

DETAILED DESCRIPTION

The following description of certain examples of the tech-
nology should not be used to limit its scope. Other examples,
features, aspects, embodiments, and advantages of the tech-
nology will become apparent to those skilled in the art from
the following description, which is by way of illustration, one
of the best modes contemplated for carrying out the technol-
ogy. As will be realized, the technology described herein is
capable of other different and obvious aspects, all without
departing from the technology. Accordingly, the drawings
and descriptions should be regarded as illustrative in nature
and not restrictive.

1. Overview of Exemplary Circular Stapling Surgical
Instrument

FIGS. 1-6 depict an exemplary circular surgical stapling
instrument (10) having a stapling head assembly (20), a shaft
assembly (60), and an actuator handle assembly (70), each of
which will be described in more detail below. Shaft assembly
(60) extends distally from actuator handle assembly (70) and
stapling head assembly (20) is coupled to a distal end of shaft
assembly (60). In brief, actuator handle assembly (70) is
operable to actuate a staple driver (24) of stapling head
assembly (20) to drive a plurality of staples (66) out of sta-
pling head assembly (20). Staples (66) are bent to form com-
pleted staples by an anvil (40) that is attached at the distal end
of instrument (10). Accordingly, tissue (2), shown in FIGS.
2A-2C, may be stapled utilizing instrument (10).

In the present example, instrument (10) comprises a clo-
sure system and a firing system. The closure system com-
prises a trocar (38), a trocar actuator (39), and a rotating knob
(98). An anvil (40) may be coupled to a distal end of trocar
(38). Rotating knob (98) is operable to longitudinally trans-
late trocar (38) relative to stapling head assembly (20),
thereby translating anvil (40) when anvil (40) is coupled to
trocar (38), to clamp tissue between anvil (40) and stapling
head assembly (20). The firing system comprises a trigger
(74), a trigger actuation assembly (84), a driver actuator (64),
and a staple driver (24). Staple driver (24) includes a knife
(36) configured to sever tissue when staple driver (24) is
actuated longitudinally. In addition, staples (66) are posi-
tioned distal to a plurality of staple driving members (30) of
staple driver (24) such that staple driver (24) also drives
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staples (66) distally when staple driver (24) is actuated lon-
gitudinally. Thus, when trigger (74) is actuated and trigger
actuation assembly (84) actuates staple driver (24) via driver
actuator (64), knife (36) and members (30) substantially
simultaneously sever tissue (2) and drive staples (66) distally
relative to stapling head assembly (20) into tissue. The com-
ponents and functionalities of the closure system and firing
system will now be described in greater detail.

A. Exemplary Anvil

As shown in FIGS. 1-2C, anvil (40) is selectively cou-
pleable to instrument (10) to provide a surface against which
staples (66) may be bent to staple material contained between
stapling head assembly (20) and anvil (40). Anvil (40) of the
present example is selectively coupleable to a trocar or
pointed rod (38) that extends distally relative to stapling head
assembly (20). Referring to FIGS. 2A-2C, anvil (40) is selec-
tively coupleable via the coupling of a proximal shaft (42) of
anvil (40) to a distal tip of trocar (38). Anvil (40) comprises a
generally circular anvil head (48) and a proximal shaft (42)
extending proximally from anvil head (48). In the example
shown, proximal shaft (42) comprises a tubular member (44)
having resiliently biased retaining clips (46) to selectively
couple anvil (40) to trocar (38), though this is merely
optional, and it should be understood that other retention
features for coupling anvil (40) to trocar (38) may be used as
well. For example, C-clips, clamps, threading, pins, adhe-
sives, etc. may be employed to couple anvil (40)to trocar (38).
In addition, while anvil (40) is described as selectively cou-
pleable to trocar (38), in some versions proximal shaft (42)
may include a one-way coupling feature such that anvil (40)
cannot be removed from trocar (38) once anvil (40) is
attached. Merely exemplary one-way features include barbs,
one way snaps, collets, collars, tabs, bands, etc. Of course still
other configurations for coupling anvil (40) to trocar (38) will
be apparent to one of ordinary skill in the art in view of the
teachings herein. For instance, trocar (38) may instead be a
hollow shaft and proximal shaft (42) may comprise a sharp-
ened rod that is insertable into the hollow shaft.

Anvil head (48) of the present example comprises a plural-
ity of staple forming pockets (52) formed in a proximal face
(50) of anvil head (48). Accordingly, when anvil (40) is in the
closed position and staples (66) are driven out of stapling
head assembly (20) into staple forming pockets (52), as
shown in FIG. 2C, legs (68) of staples (66) are bent to form
completed staples. It should be understood that staple form-
ing pockets (52) are merely optional and may be omitted in
some versions.

With anvil (40) as a separate component, it should be
understood that anvil (40) may be inserted and secured to a
portion of tissue (2) prior to being coupled to stapling head
assembly (20). By way of example only, anvil (40) may be
inserted into and secured to a first tubular portion of tissue (2)
while instrument (10) is inserted into and secured to a second
tubular portion of tissue (2). For instance, the first tubular
portion of tissue (2) may be sutured to or about a portion of
anvil (40), and the second tubular portion of tissue (2) may be
sutured to or about trocar (38).

As shown in FIG. 2A, anvil (40) is then coupled to trocar
(38). Trocar (38) of the present example is shown in a distal
most actuated position. Such an extended position for trocar
(38) may provide a larger area to which tissue (2) may be
coupled prior to attachment of anvil (40). In addition, the
extended position of trocar (38) may also provide for easier
attachment of anvil (40) to trocar (38). Trocar (38) further
includes a tapered distal tip. Such a tip may be capable of
piercing through tissue and/or aiding the insertion of anvil
(40) on to trocar (38), though the tapered distal tip is merely
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optional. For instance, in other versions trocar (38) may have
a blunt tip. In addition, or in the alternative, trocar (38) may
include a magnetic portion (not shown) which may attract
anvil (40) towards trocar (38). Of course still further configu-
rations and arrangements for anvil (40) and trocar (38) will be
apparent to one of ordinary skill in the art in view of the
teachings herein.

When anvil (40) is coupled to trocar (38), the distance
between a proximal face of the anvil (40) and a distal face of
stapling head assembly (20) defines a gap distance d. Trocar
(38) of the present example is translatable longitudinally
relative to stapling head assembly (20) via an adjusting knob
(98) located at a proximal end of actuator handle assembly
(70), as will be described in greater detail below. Accordingly,
when anvil (40) is coupled to trocar (38), rotation of adjusting
knob (98) enlarges or reduces gap distance d by actuating
anvil (40) relative to stapling head assembly (20). For
instance, as shown sequentially in FIGS. 2A-2B, anvil (40) is
shown actuating proximally relative to actuator handle
assembly (70) from an initial, open position to a closed posi-
tion, thereby reducing the gap distance d and the distance
between the two portions of tissue (2) to be joined. Once the
gap distance d is brought within a predetermined range, sta-
pling head assembly (20) may be fired, as shown in FIG. 2C,
to staple and sever tissue (2) between anvil (40) and stapling
head assembly (20). Stapling head assembly (20) is operable
to staple and sever tissue (2) by a user pivoting a trigger (74)
of actuator handle assembly (70), as will be described in
greater detail below.

As noted above, gap distance d corresponds to the distance
between anvil (40) and stapling head assembly (20). When
instrument (10) is inserted into a patient, this gap distance d
may not be easily viewable. Accordingly, a moveable indica-
tor bar (110), shown in FIGS. 5-6, is provided to be visible
through an indicator window (120) positioned opposite to
trigger (74). Indicator bar (110) is operable to move in
response to rotation of adjusting knob (98) such that the
position of indicator bar (110) is representative of the gap
distance d. As shown in FIG. 6, indicator window (120)
further comprises a scale (130) which indicates that the anvil
gap is within a desired operating range (e.g., a green colored
region or “green zone”) and a corresponding staple compres-
sion representation at each end of scale (130). By way of
example only, as shown in FIG. 6, a first staple image (132)
depicts alarge staple height while a second staple image (134)
depicts a small staple height. Accordingly, a user can view the
position of the coupled anvil (40) relative to the stapling head
assembly (20) via indicator bar (110) and scale (130). The
user may then adjust the positioning of anvil (40) via adjust-
ing knob (98) accordingly.

Referring back to FIGS. 2A-2C, a user sutures a portion of
tissue (2) about tubular member (44) such that anvil head (48)
is located within a portion of the tissue (2) to be stapled. When
tissue (2) is attached to anvil (40), retaining clips (46) and a
portion of tubular member (44) protrude out from tissue (2)
such that the user may couple anvil (40) to trocar (38). With
tissue (2) coupled to trocar (38) and/or another portion of
stapling head assembly (20), the user attaches anvil (40) to
trocar (38) and actuates anvil (40) proximally towards sta-
pling head assembly (20) to reduce the gap distance d. Once
instrument (10) is within the operating range, the user then
staples together the ends of tissue (2), thereby forming a
substantially contiguous tubular portion of tissue (2).

Anvil (40) may be further constructed in accordance with
atleast some of the teachings of U.S. Pat. No. 5,205,459; U.S.
Pat. No. 5,271,544; U.S. Pat. No. 5,275,322; U.S. Pat. No.
5,285,945, U.S. Pat. No. 5,292,053; U.S. Pat. No. 5,333,773;
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U.S. Pat. No. 5,350,104; U.S. Pat. No. 5,533,661, the disclo-
sures of which are incorporated by reference herein; and/or in
accordance with other configurations as will be apparent to
one of ordinary skill in the art in view of the teachings herein.

B. Exemplary Stapling Head Assembly

Stapling head assembly (20) of the present example is
coupled to a distal end of shaft assembly (60) and comprises
atubular casing (22) housing a slidable staple driver (24) and
a plurality of staples (66) contained within staple pockets
(32). Staples (66) and staple pockets (32) are disposed in a
circular array about tubular casing (22). In the present
example, staples (66) and staple pockets (32) are disposed in
a pair of concentric annular rows of staples (66) and staple
pockets (32). Staple driver (24) is operable to actuate longi-
tudinally within tubular casing (22) in response to rotation of
trigger (74) of actuator handle assembly (70). As shown in
FIGS.2A-2C, staple driver (24) comprises a flared cylindrical
member having a trocar opening (26), a central recess (28),
and a plurality of members (30) disposed circumferentially
about central recess (28) and extending distally relative to
shaft assembly (60). Each member (30) is configured to con-
tact and engage a corresponding staple (66) of the plurality of
staples (66) within staple pockets (32). Accordingly, when
staple driver (24) is actuated distally relative to actuator
handle assembly (70), each member (30) drives a correspond-
ing staple (66) out of its staple pocket (32) through a staple
aperture (34) formed in a distal end of tubular casing (22).
Because each member (30) extends from staple driver (24),
the plurality of staples (66) are driven out of stapling head
assembly (20) at substantially the same time. When anvil (40)
is in the closed position, staples (66) are driven into staple
forming pockets (52) to bend legs (68) of the staples (66),
thereby stapling the material located between anvil (40) and
stapling head assembly (20). FIG. 3 depicts one merely exem-
plary staple (66) driven by a member (30) into a staple form-
ing pocket (32) of anvil (40) to bend legs (68).

Staple driver (24) further includes a cylindrical knife (36)
that is coaxial to trocar opening (26) and inset from staple
pockets (32). In the present example, cylindrical knife (36) is
disposed within central recess (28) to translate distally with
staple driver (24). When anvil (40) is secured to trocar (38), as
described above, anvil head (48) provides a surface against
which cylindrical knife (36) cuts the material contained
between anvil (40) and stapling head assembly (20). In some
versions, anvil head (48) may include a recess (not shown) for
cylindrical knife (36) to aid in cutting the material (e.g., by
providing a cooperative shearing edge). In addition, or in the
alternative, anvil head (48) may include one or more opposing
cylindrical knives (not shown) offset from cylindrical knife
(36) such that a scissor-type cutting action may be provided.
Still other configurations will be apparent to one of ordinary
skill in the art in view of the teachings herein. Stapling head
assembly (20) is thus operable to both staple and cut tissue (2)
substantially simultaneously in response to actuation by
actuator handle assembly (70).

Of course stapling head assembly (20) may be further
constructed in accordance with at least some of the teachings
of U.S. Pat. No. 5,205,459, U.S. Pat. No. 5,271,544; U.S. Pat.
No. 5,275,322; U.S. Pat. No. 5,285,945; U.S. Pat. No. 5,292,
053; U.S. Pat. No. 5,333,773; U.S. Pat. No. 5,350,104; U.S.
Pat. No. 5,533,661, the disclosures of which are incorporated
by reference herein; and/or in accordance with other configu-
rations as will be apparent to one of ordinary skill in the art in
view of the teachings herein.

As noted previously, staple driver (24) includes a trocar
opening (26). Trocar opening (26) is configured to permit
trocar (38) to longitudinally slide relative to stapling head
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assembly (20) and/or shaft assembly (60). As shown in FIGS.
2A-2C, trocar (38) is coupled to a trocar actuator (39) such
that trocar (38) can be actuated longitudinally via rotation of
rotating knob (98), as will be described in greater detail below
in reference to actuator handle assembly (70). In the present
example, trocar actuator (39) comprises an elongated, rela-
tively stiff shaft coupled to trocar (38), though this is merely
optional. In some versions, actuator (39) may comprise a
longitudinally stiff material while permitting lateral bending
such that portions of instrument (10) may be selectively bent
or curved during use; or instrument (10) may include a preset
bent shaft assembly (60). One merely exemplary material is
nitinol. When anvil (40) is coupled to trocar (38), trocar (38)
and anvil (40) are translatable via actuator (39) to adjust the
gap distance d between anvil (40) and stapling head assembly
(20). Still further configurations for actuator (39) to longitu-
dinally actuate trocar (38) will be apparent to one of ordinary
skill in the art in view of the teachings herein.

C. Exemplary Shaft Assembly

Stapling head assembly (20) and trocar (38) are positioned
at a distal end of shaft assembly (60), as shown in FIGS.
2A-2C. Shaft assembly (60) of the present example com-
prises an outer tubular member (62) and a driver actuator (64).
Outer tubular member (62) is coupled to tubular casing (22)
of stapling head assembly (20) and to a body (72) of actuator
handle assembly (70), thereby providing a mechanical
ground for the actuating components therein. The proximal
end of driver actuator (64) is coupled to a trigger actuation
assembly (84) of actuator handle assembly (70), described
below. The distal end of driver actuator (64) is coupled to
staple driver (24) such that the rotation of trigger (74) longi-
tudinally actuates staple driver (24). As shown in FIGS.
2A-2C, driver actuator (64) comprises a tubular member hav-
ing an open longitudinal axis such that actuator (39) coupled
to trocar (38) may actuate longitudinally within and relative
to driver actuator (64). Of course it should be understood that
other components may be disposed within driver actuator
(64) as will be apparent to one of ordinary skill in the art in
view of the teachings herein.

Shaft assembly (60) may be further constructed in accor-
dance with at least some of the teachings of U.S. Pat. No.
5,205,459; U.S. Pat. No. 5,271,544; U.S. Pat. No. 5,275,322;
U.S. Pat. No. 5,285,945; U.S. Pat. No. 5,292,053; U.S. Pat.
No. 5,333,773; U.S. Pat. No. 5,350,104; U.S. Pat. No. 5,533,
661, the disclosures of which are incorporated by reference
herein; and/or in accordance with other configurations as will
be apparent to one of ordinary skill in the art in view of the
teachings herein.

D. Exemplary Actuator Handle Assembly

Referring now to FIGS. 4A-5, actuator handle assembly
(70) comprises a body (72), a trigger (74), a lockout feature
(82), a trigger actuation assembly (84), and a trocar actuation
assembly (90). Trigger (74) of the present example is pivot-
ably mounted to body (72) and is coupled to trigger actuation
assembly (84) such that rotation of trigger (74) from an
unfired position (shown in FIG. 4A) to a fired position (shown
in FIG. 4B) actuates driver actuator (64) described above. A
spring (78) is coupled to body (72) and trigger (74) to bias
trigger (74) towards the unfired position. Lockout feature (82)
is a pivotable member that is coupled to body (72). In a first,
locked position, lockout feature (82) is pivoted upwards and
away from body (72) such that lockout feature (82) engages
trigger (74) and mechanically resists actuation of trigger (74)
by a user. In a second, unlocked position, such as that shown
in FIGS. 1 and 4B, lockout feature (82) is pivoted downward
such that trigger (74) may be actuated by the user. Accord-
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ingly, with lockout feature (82) in the second position, trigger
(74) can engage a trigger actuation assembly (84) to fire
instrument (10).

As shown in FIGS. 4A-4B, trigger actuation assembly (84)
of the present example comprises a slidable trigger carriage
(86) engaged with a proximal end of driver actuator (64).
Carriage (86) includes a set of tabs (88) on a proximal end of
carriage (86) to retain and engage a pair of trigger arms (76)
extending from trigger (74). Accordingly, when trigger (74) is
pivoted, carriage (86) is actuated longitudinally and transfers
the longitudinal motionto driver actuator (64). In the example
shown, carriage (86) is fixedly coupled to the proximal end of
driver actuator (64), though this is merely optional. Indeed, in
one merely exemplary alternative, carriage (86) may simply
abut driver actuator (64) while a distal spring (not shown)
biases driver actuator (64) proximally relative to actuator
handle assembly (70).

Trigger actuation assembly (84) may be further con-
structed in accordance with at least some of the teachings of
U.S. Pat. No. 5,205,459; U.S. Pat. No. 5,271,544; U.S. Pat.
No. 5,275,322; U.S. Pat. No. 5,285,945; U.S. Pat. No. 5,292,
053; U.S. Pat. No. 5,333,773; U.S. Pat. No. 5,350,104; U.S.
Pat. No. 5,533,661, the disclosures of which are incorporated
by reference herein; and/or in accordance with other configu-
rations as will be apparent to one of ordinary skill in the art in
view of the teachings herein.

Body (72) also houses a trocar actuation assembly (90)
configured to actuate trocar (38) longitudinally in response to
rotation of adjusting knob (98). As best shown in FIGS. 4A-5,
trocar actuation assembly (90) of the present example com-
prises adjusting knob (98), a grooved shank (94), and a sleeve
(92). Grooved shank (94) of the present example is located at
a distal end of trocar actuator (39), though it should be under-
stood that grooved shank (94) and trocar actuator (39) may
alternatively be separate components that engage to transmit
longitudinal movement. Adjusting knob (98) is rotatably sup-
ported by the proximal end of body (72) and is operable to
rotate sleeve (92) that is engaged with grooved shank (94) via
aninternal tab (not shown). Grooved shank (94) of the present
example comprises a continuous groove (96) formed in the
outer surface of grooved shank (94). Accordingly, when
adjusting knob (98) is rotated, the internal tab rides within
groove (96) and grooved shank (94) is longitudinally actuated
relative to sleeve (92). Since grooved shank (94) is located at
the distal end of trocar actuator (39), rotating adjusting knob
(98) in a first direction advances trocar actuator (39) distally
relative to actuator handle assembly (70). Accordingly, the
gap distance d between anvil (40) and stapling head assembly
(20) is increased. By rotating adjusting knob (98) in the
opposite direction, trocar actuator (39) is actuated proximally
relative to actuator handle assembly (70) to reduce the gap
distance d between anvil (40) and stapling head assembly
(20). Thus, trocar actuation assembly (90) is operable to
actuate trocar (38) in response to rotating adjustment knob
(98). Of course other configurations for trocar actuation
assembly (90) will be apparent to one of ordinary skill in the
art in view of the teachings herein.

Groove (96) of the present example comprises a plurality
of different portions (96A, 96B, 96C) that have a varying
pitch or number of grooves per axial distance. The present
groove (96) is divided into a distal portion (96A), a middle
portion (96B) and a proximal portion (96C). As shown in FI1G.
5, distal portion (96 A) comprises a fine pitch or a high number
of grooves over a short axial distance of grooved shank (94)
such that a large number of rotations of adjusting knob (98)
are required to traverse the short axial distance. Middle por-
tion (96B) comprises a section with comparably coarser pitch
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or fewer grooves per axial distance such that relatively few
rotations are required to traverse a long axial distance.
Accordingly, the gap distance d may be quickly reduced
through relatively few rotations of adjusting knob (98). Proxi-
mal portion (96C) of the present example is substantially
similar to distal portion (96A) and comprises a fine pitch or a
high number of grooves over a short axial distance of grooved
shank (94) such that a large number of rotations are required
to traverse the short axial distance. Proximal portion (96C) of
the present example is positioned within sleeve (92) when
anvil (40) is substantially near to stapling head assembly (20)
such that indicator bar (110) moves within indicator window
(120) along scale (130) to indicate that the anvil gap is within
a desired operating range, as will be described in more detail
below. Accordingly, when the tab is within proximal portion
(96C) of groove (96), each rotation of adjusting knob (98)
may reduce the gap distance d by a small amount to provide
for fine tuning.

Trocar actuation assembly (90) may be further constructed
in accordance with at least some of the teachings of U.S. Pat.
No. 5,205,459; U.S. Pat. No. 5,271,544; U.S. Pat. No. 5,275,
322; U.S. Pat. No. 5,285,945; U.S. Pat. No. 5,292,053; U.S.
Pat. No. 5,333,773; U.S. Pat. No. 5,350,104; U.S. Pat. No.
5,533,661, the disclosures of which are incorporated by ref-
erence herein; and/or in accordance with other configurations
as will be apparent to one of ordinary skill in the art in view of
the teachings herein.

In the example shown in FIGS. 4A-4B, a U-shaped clip
(100) is attached to an intermediate portion of trocar actuator
(39) located distally of grooved shank (94). U-shaped clip
(100) engages with a portion of body (72) to substantially
prevent trocar actuator (39) from rotating about its axis when
adjusting knob (98) is rotated. U-shaped clip (100) further
includes an elongated slot (102) on each of its opposite sides
for receiving an attachment member, such as a screw, bolt,
pin, clip, etc., to selectively adjust the longitudinal position of
elongated slot (102) of U-shaped clip (100) relative to trocar
actuator (39) for purposes of calibrating indicator bar (110)
relative to scale (130).

As shown in FIG. 5, actuator handle assembly (70) further
includes an indicator bracket (140) configured to engage and
pivotan indicator (104). Indicator bracket (140) of the present
example is slidable relative to body (72) along a pair of slots
formed on body (72). Indicator bracket (140) comprises a
rectangular plate (144), an indicator arm (146), and an angled
flange (142). Angled flange (142) is formed at the proximal
end of rectangular plate (144) and includes an aperture (not
shown) to slidable mount onto trocar actuator (39) and/or
grooved shank (94). A coil spring (150) is interposed between
flange (142) and a boss (152) to bias flange (142) against
U-shaped clip (100). Accordingly, when U-shaped clip (100)
actuates distally with trocar actuator (39) and/or grooved
shank (94), coil spring (150) urges indicator bracket (140) to
travel distally with U-shaped clip (100). In addition,
U-shaped clip (100) urges indicator bracket (140) proximally
relative to boss (152) when trocar actuator (39) and/or
grooved shank (94) translate proximally, thereby compress-
ing coil spring (150). Of course, it should be understood that
in some versions indicator bracket (140) may be fixedly
attached to trocar actuator (39) and/or grooved shank (94).

In the present example, a portion of lockout feature (82)
abuts a surface (141) of indicator bracket (140) when indica-
tor bracket (140) is in a longitudinal position that does not
correspond to when the anvil gap is within a desired operating
range (e.g., a green colored region or “green zone™). When the
anvil gap is within a desired operating range (e.g., a green
colored region or “green zone™), indicator bracket (140) nar-
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rows to provide a pair of gaps (145) on either side of an
indicator arm (146) that permits lockout feature (82) to pivot,
thereby releasing trigger (74). Accordingly, lockout feature
(82) and indicator bracket (140) can substantially prevent a
user from releasing and operating trigger (74) until anvil (40)
is in a predetermined operating range. Of course it should be
understood that lockout feature (82) may be omitted entirely
in some versions.

This operating range may be visually communicated to the
user via an indicator bar (110) of an indicator (104) shown
against a scale (130), described briefly above. At the distal
end of indicator bracket (140) is a distally projecting indicator
arm (146) which terminates at a laterally projecting finger
(148) for controlling the movement of indicator (104). Indi-
cator arm (146) and finger (148), best shown in FIG. 5, are
configured to engage a tab (106) of indicator (104) such that
indicator (104) is pivoted when indicator bracket (140) is
actuated longitudinally. In the present example, indicator
(104) is pivotably coupled to body (72) at a first end of
indicator (104), though this is merely optional and other pivot
points for indicator (104) will be apparent to one of ordinary
skill in the art in view of the teachings herein. An indicator bar
(110) is positioned on the second end of indicator (104) such
that indicator bar (110) moves in response to the actuation of
indicator bracket (140). Accordingly, as discussed above,
indicator bar (110) is displayed through an indicator window
(120) against a scale (130) (shown in FIG. 6) to show the
relative gap distance d between anvil (40) and stapling head
assembly (20).

Of course indicator bracket (140), indicator (104), and/or
actuator handle assembly (70) may be further constructed in
accordance with at least some of the teachings of U.S. Pat.
No. 5,205,459; U.S. Pat. No. 5,271,544, U.S. Pat. No. 5,275,
322; U.S. Pat. No. 5,285,945; U.S. Pat. No. 5,292,053; U.S.
Pat. No. 5,333,773; U.S. Pat. No. 5,350,104; U.S. Pat. No.
5,533,661, the disclosures of which are incorporated by ref-
erence herein; and/or in accordance with other configurations
as will be apparent to one of ordinary skill in the art in view of
the teachings herein.

II. Exemplary Anvil Detection, Indicators, and Lock-Out
Features

In some instances, it may be desirable for a user to detect
when anvil (40) is sufficiently coupled to trocar (38). Such
detection can confirm that anvil (40) is properly coupled to
trocar (38) such that anvil (40) does not move distally relative
to staple driver (24) when instrument (10) is fired. The indi-
cator for such detection may be provided through a sensory
indicator assembly (e.g., visual, auditory, tactile, etc.) and/or
through a trigger lock-out assembly to prevent trigger (74)
from being actuatable by the user. Accordingly, a user may be
able to determine whether anvil (40) is properly attached, or
fully seated on trocar (38), prior to firing instrument (10) or,
in some instances, instrument (10) will prevent the user from
firing until anvil (40) is properly attached. Accordingly, vari-
ous anvil detection assemblies, indicator assemblies, and trig-
ger lockout assemblies will now be described below.

A. Exemplary Anvil Presence Rod

FIG. 7 depicts a surgical instrument (200) that includes an
exemplary anvil presence rod (230) incorporated into an
exemplary trocar (220). In the present example, surgical
instrument (200) comprises a body (202), a trigger (204), a
lockout feature (210), an adjusting knob (216), a trocar (220),
and an anvil presence rod (230). Body (202), trigger (204),
lockout feature (210), adjusting knob (216), and trocar (220),
may be constructed in substantial accordance with body (72),
trigger (74), lockout feature (82), adjusting knob (98) and
trocar (38) described above. Surgical instrument (200) may
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be further constructed substantially in accordance with sur-
gical instrument (10) described above, or in accordance with
atleast some of the teachings of U.S. Pat. No. 5,205,459; U.S.
Pat. No. 5,271,544; U.S. Pat. No. 5,275,322; U.S. Pat. No.
5,285,945, U.S. Pat. No. 5,292,053; U.S. Pat. No. 5,333,773;
U.S. Pat. No. 5,350,104; and/or U.S. Pat. No. 5,533,661, the
disclosures of which are incorporated by reference herein.

In the present example, trocar (220) includes a central rod
tube (222) configured to slidably receive anvil presence rod
(230) therein. Anvil presence rod (230) comprises a longitu-
dinally stiff rod member that is slidable within rod tube (222)
of trocar (220) and extends into an aperture (218) formed
through adjusting knob (216). As shown in FIG. 7, anvil
presence rod (230) is positioned in an unactuated position.
Anvil presence rod (230) is slid proximally relative to trocar
(220) when an anvil, such as anvil (40) shown in FIGS. 1-6, is
inserted onto trocar (220), thereby moving anvil presence rod
(230) proximally to an actuated position. This proximal
movement of anvil presence rod (230) can be used to
mechanically interact or release components of instrument
(200) to indicate when the anvil is properly seated on trocar
(220).

In the present example, anvil presence rod (230) includes a
proximal end (232) that extends out through an aperture (218)
formed in adjusting knob (216) when anvil presence rod (230)
is slid proximally relative to trocar (220). This proximal end
(232) may include one or more regions and/or markings (234)
to visually indicate the position of anvil presence rod (230).
By way of example only, such markings (234) may include a
plurality of colors (e.g., red, yellow, green) and/or symbols
(e.g., numbers, letters, etc.) to indicate the longitudinal posi-
tion of anvil presence rod (230). In the example shown, mark-
ings (234) comprise three regions (234A, 234B, 234C) cor-
responding to the colors red (234A), yellow (234B), and
green (234C). The user may use markings (234) to detect
whether anvil presence rod (230) has been sufficiently actu-
ated to indicate that the anvil is properly seated on trocar
(220). For instance, the green marking portion (234C) may
correspond to when the anvil has sufficiently coupled to trocar
(220) such that the anvil will not detach when firing instru-
ment (200). The yellow marking portion (234B) of the present
example may be provided to indicate to the user that anvil
presence rod (230) has been actuated proximally relative to
trocar (220), but the anvil has not fully seated on trocar (220).
In one alternative, only a single marking, such as green por-
tion (234C), may be provided to indicate the position corre-
sponding to when the anvil has sufficiently coupled to trocar
(220). Of course it should be understood that markings (234)
and/or the extension of proximal end (232) out of aperture
(218) of adjusting knob (216) are merely optional.

Inaddition, anvil presence rod (230) of the present example
is biased distally by a coil spring (240) that is disposed within
a portion of trocar (220). Accordingly, when no object is
actuating anvil presence rod (230) proximally relative to tro-
car (220), coil spring (240) urges the distal end of anvil
presence rod (230) out of the distal end of rod tube (222). If a
user attempts to couple the anvil to trocar (220) and the anvil
is not properly seated on trocar (220), the distal bias provided
by coil spring (240) ejects the anvil away from trocar (220).
Thus, anvil presence rod (230) may physically and visually
provide an indication to the user that the anvil is not properly
seated on trocar (220). To provide the distal bias to anvil
presence rod (230), coil spring (240) is coupled to a portion of
anvil presence rod (230) such as by abutting a tab, being
fixedly coupled at one end, and/or otherwise. In some ver-
sions, proximal end (232) of anvil presence rod (230) may not
extend through aperture (218) of adjusting knob (216), but
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instead abuts coil spring (240) to provide the distal bias. A
distal tab or flared portion (236), shown in FIG. 7, prevents
anvil presence rod (230) from ejecting distally out of trocar
(220) from the distal bias provided by coil spring (240),
though this is also merely optional.

While a visual indicator may be provided by proximal end
(232) and/or markings (234), in some versions, a feature may
be desired that substantially prevents trigger (204) from being
actuated by the user until the anvil is properly seated on trocar
(220). In the present example, lockout feature (210) com-
prises a pivotable member having a leg (212) that abuts a
protrusion (238) of anvil presence rod (230) when anvil pres-
ence rod (230) is in the unactuated position shown in FIG. 7.
Protrusion (238) extends outwardly through a slot (224)
formed in trocar (220) such that protrusion (238) is longitu-
dinally slidable along slot (224) when anvil presence rod
(230) is actuated proximally relative to trocar (220). The
longitudinal length of protrusion (238) of the present example
corresponds to the longitudinal distance traveled by anvil
presence rod (230) to indicate that the anvil is properly
coupled to trocar (220). Accordingly, when the anvil is prop-
erly coupled, protrusion (238) no longer abuts leg (212) of
lockout feature (210). The user then pivots lockout feature
(210) to unlock and permit operation of trigger (204) to fire
instrument (200). The combination of protrusion (238) and
lockout feature (210) may substantially prevent the user from
firing instrument (10) when the anvil is not properly coupled
to trocar (220). In some versions, leg (212) may be integrally
formed with or otherwise linked to trigger (204). In some
such versions, lockout feature (210) may be omitted. Of
course other assemblies to prevent lockout feature (210) from
pivoting prior to actuation of anvil presence rod (230) to the
actuated position will be apparent to one of ordinary skill in
the art in view of the teachings herein.

B. Exemplary Resiliently Biased Anvil Detection Features

FIG. 8 depicts an alternative anvil detection assembly
(300) that may be incorporated into a surgical instrument,
such as surgical instruments (10, 200) described above. In the
example shown, anvil detection assembly (300) comprises a
hinged tab (310) extending outwardly from a trocar (302).
Trocar (302) may be constructed in accordance with at least
some of'the teachings of trocars (38,220) described above. As
shown in the present example, a spring (312) biases tab (310)
outwardly from trocar (302), though this is merely optional.
For instance, in one alternative, spring (312) may be omitted
and tab (310) may be integrally formed with trocar (302) such
that tab (310) is a resiliently biased tab. In addition, while a
single tab (310) is illustrated, it should be understood that a
plurality of tabs (310) may be positioned about trocar (302).
When tab (310) is extended away from trocar (302), tab (310)
of the present example mechanically interferes with a staple
driver (308) to substantially prevent staple driver (308) from
actuating distally relative to trocar (302). Accordingly, a user
may be prevented from firing staple driver (308) via operation
of a trigger, such as trigger (74) described above, until tab
(310) is depressed against or into trocar (302).

In the example shown, an anvil (340) comprises an anvil
head (342) and a hollow shaft (344). Anvil (340) may be
further constructed in accordance with at least some of the
teachings of anvil (40) described above. Hollow shaft (344)
comprises a cylindrical tube configured to slide over trocar
(302) and selectively couple anvil (340) to trocar (302). In the
example shown, hollow shaft (344) includes detents (346)
that engage indentations (304) of trocar (302) to selectively
secure anvil (340) to trocar (302). Of course other coupling
assemblies for selectively coupling anvil (340) to trocar (302)
will be apparent to one of ordinary skill in the art in view of
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the teachings herein. When hollow shaft (344) is slid over
trocar (302), hollow shaft (344) compresses tab (310) against
trocar (302), thereby permitting staple driver (308) to actuate
distally relative to trocar (302) and/or anvil (340) when the
user operates the instrument. In the example shown, the
length of hollow shaft (344) is such that hollow shaft (344)
only engages tab (310) when anvil (340) is fully seated on
trocar (302). The present assembly may thus prevent a user
from firing the device unless anvil (340) is properly coupled
to trocar (302). Of course still further configurations for anvil
(340), tab (310), and/or trocar (302) will be apparent to one of
ordinary skill in the art in view of the teachings herein.

In addition, or in the alternative, tab (310) may be mechani-
cally associated with a lockout feature in the actuator handle
assembly. By way of example only, tab (310) may comprise a
camming surface that is operable to actuate a rod, such as
anvil presence rod (230) described above, when tab (310) is
compressed against trocar (302). The rod of this example may
include a protrusion, such as protrusion (238), that selectively
interferes with the release of a lockout feature depending
upon the longitudinal position of the rod. In addition, or in the
alternative, the rod may include a proximal end, such as
proximal end (232), that protrudes out of the proximal end of
the surgical instrument to provide visual feedback to the user.
Of course tab (310) may be mechanically associated with
other lockout features and/or visual indicators as will be
apparent to one of ordinary skill in the art in view of the
teachings herein. In another alternative, tab (310) may be
positioned such that trocar (302) cannot be actuated proxi-
mally relative to staple driver (308) from an extended position
via the adjusting knob. For instance, tab (310) may be posi-
tioned to abut staple driver (308) while trocar (302) is in the
extended position. Accordingly, if the user attempts to actuate
trocar (302) proximally via the adjusting knob, tab (310)
resists the proximal actuation and provides tactile feedback
that tab (310) has not been depressed by attachment of shaft
(344) of anvil (340). If trocar (302) is not actuatable proxi-
mally due to the interference of tab (310), then, in an instru-
ment such as instrument (10), a user may not pivot lockout
feature (82) to release trigger (74) due to the position of
indicator bracket (140), as discussed above. Thus, when tab
(310) is extended, a user may be substantially prevented from
firing the instrument. Of course still further configurations
and assemblies incorporating tab (310) will be apparent to
one of ordinary skill in the art in view of the teachings herein.

FIGS. 9A-9C depict an alternative anvil detection assem-
bly (400) comprising a trocar (410) having a pair of spring
clips (420). In the example shown, spring clips (420) are
contained within a slot (412) formed in trocar (410). As
shown in FIG. 9A, spring clips (420) are biased outwardly
from trocar (410) such that proximal ends (422) extend lat-
erally from trocar (410). By way of example only, spring clips
(420) are coupled to trocar (410) at a pivot point (424) and a
spring (not shown) is interposed between spring clips (420) to
bias each away from the other. In addition, or in the alterna-
tive, spring clips (420) may comprise resiliently biased mem-
bers that are biased away from pivot point (424). In the
example shown in FIG. 9A, when spring clips (420) are
extended laterally, trocar (410) is prevent from actuating
proximally due to proximal ends (422) engaging a trocar
opening (416). Accordingly, if an anvil (440) (shown in FIG.
9C) is not coupled to trocar (410), then trocar (410) is pre-
vented from actuating proximally relative to a staple driver
(430). If a user desires to actuate trocar (410) proximally
relative to staple driver (430) without anvil (440) attached, the
user must squeeze spring clips (420) together to permit retrac-
tion.
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As shown in FIG. 9B, when an anvil (440) (shown in FIG.
9C) is not coupled to trocar (410) and trocar (410) is retracted
proximally relative to staple driver (430), spring clips (420)
engage notches (432) formed in staple driver (430). As will be
apparent to one of ordinary skill in the art in view of the
teachings herein, spring clips (420) inserted into notches
(432) substantially prevent staple driver (430) from actuating
distally relative to trocar (410). Accordingly, if anvil (440) is
not coupled to trocar (410), then spring clips (420) provide a
lockout mechanism to prevent the instrument from firing.
Finally, as shown in FIG. 9C, when anvil (440) is coupled to
trocar (410), an anvil shaft (442) cams spring clips (420)
inwardly such that proximal ends (422) do not engage notches
(432). Accordingly, staple driver (430) can be actuated dis-
tally relative to trocar (410) to fire the instrument. Still further
configurations for anvil detection assembly (400) and/or
spring clips (420) will be apparent to one of ordinary skill in
the art in view of the teachings herein.

C. Exemplary Magnetic Anvil Detection Assembly

FIGS. 10A-10B depict an alternative anvil detection
assembly (500) that may be incorporated into a surgical
instrument, such as surgical instrument (10) described above.
Referring initially to FIG. 10A, a trocar (510) and a staple
driver (520) extend distally from an actuator handle assembly
(not shown). Trocar (510) and staple driver (520) may be
constructed in accordance with at least some of the teachings
oftrocar (38) and staple driver (24) described herein. A pair of
resilient members (530) also extend distally from the actuator
handle assembly and are biased outwardly away from trocar
(510). The proximal ends (not shown) of resilient members
(530) are coupled to a portion of the actuator handle assembly
to mechanically ground resilient members (530). For
instance, resilient members (530) may be integrally formed
with the body of actuator handle assembly or mechanically
coupled via an attachment member, such as a screw, bolt,
adhesive, etc. In some versions, the proximal ends of resilient
members (530) may be coupled to trocar (510). In another
version, the proximal ends of resilient members (530) may be
coupled to staple driver (520). Of course still further configu-
rations to couple resilient members (530) at their proximal
ends will be apparent to one of ordinary skill in the art in view
of the teachings herein.

Resilient members (530) each comprise an elongated
member having a lockout arm (532) and a magnet (534).
Magnet (534) may be a ferrous magnet, a neodymium mag-
net, a samarium-cobalt magnet, or any other suitable magnet
(534) as will be apparent to one of ordinary skill in the art in
view of the teachings herein. Each lockout arm (532) extends
outward from the longitudinal axis of a corresponding resil-
ient member (530). In the example shown, each lockout arm
(532) is perpendicular to the longitudinal axis of the corre-
sponding resilient member (530) such that each lockout arm
(532) is configured to mechanically interfere with the distal
actuation of staple driver (520) relative to resilient member
(530) and/or trocar (510). Accordingly, when resilient arms
(530) are in a locked position, such as that shown in FIG. 10A,
staple driver (520) is substantially prevented from actuating
distally by lockout arms (532). While only a pair of resilient
members (530) are shown, it should be understood that any
number of resilient members (530) may be used to restrict
distal actuation of staple driver (520). For example, 1,2, 3, 4,
5, or 6 resilient members (530) may be disposed about trocar
(510) and configured to interfere with the distal actuation of
staple driver (520).

FIG. 10B depicts a complementary anvil (540) for anvil
detection assembly (500). Anvil (540) comprises an anvil
head (542) and a shaft (544). Anvil (540) may be further
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constructed in accordance with at least some of the teachings
of anvil (40) described herein. Shaft (544) of the present
example is configured to selectively couple anvil (540) to
trocar (510). By way of example only, shaft (544) may com-
prise detents (546) configured to engage with indentations
(512) (shown in FIG. 10A) of trocar (510) to selectively
couple anvil (540) to trocar (510). Shaft (544) further com-
prises a magnetic portion (548) positioned along the longitu-
dinal length of shaft (544). Magnetic portion (548) may com-
prise a single annular magnet embedded in shaft (544) or a
plurality of magnets disposed within shaft (544). In addition,
or in the alternative, magnetic portion (548) may not be
embedded within shaft (544) but may be coupled to the exte-
rior or interior surface of shaft (544). Furthermore, magnetic
portion (548) may comprise one or more ferrous magnets,
neodymium magnets, samarium-cobalt magnets, and/or any
other suitable magnet as will be apparent to one of ordinary
skill in the art in view of the teachings herein. In the present
example, magnetic portion (548) is longitudinally positioned
to align with magnets (534) of resilient arms (530) only when
anvil (540) is fully seated on trocar (510).

As shown in FIG. 10B, when anvil (540) is fully seated,
magnetic portion (548) attracts magnets (534) such that resil-
ient arms (530) bend inwardly towards shaft (544) and/or
trocar (510). Accordingly, lockout arms (532) no longer
mechanically interfere with staple driver (520), thereby per-
mitting staple driver (520) to actuate longitudinally to allow
the user to fire the instrument. In one merely exemplary
alternative, resilient arms (530) may omit magnets (534) and
may instead be constructed of a ferrous material such that
magnetic portion (548) attracts resilient arms (530) inwardly.
In this configuration, the spring constant for resilient arms
(530) may be set such that lockout arms (532) no longer
impede distal movement of staple driver (520) only when
anvil (540) is fully seated on trocar (510). By way of example
only, as anvil (540) is attached to trocar (510), resilient arms
(530) begin to bend inwardly due to magnetic portion (548)
magnetically attracting the material. Only when anvil (540) is
seated fully on trocar (510) does the attractive force from
magnetic portion (548) on resilient arms (530) displace resil-
ient arms (530) such that lockout arms (532) no longer
impede the longitudinal actuation of staple driver (520). In
some versions, resilient arms (530) may comprise magnets
(534) while magnetic portion (548) of shaft (544) is omitted.
Of course still further configurations for anvil detection
assembly (500) will be apparent to one of ordinary skill in the
art in view of the teachings herein.

D. Exemplary Outer Shaft Anvil Detection Feature

FIGS. 11-12 depicts yet another anvil detection assembly
(620) for a surgical instrument (600) comprising an anvil
sensing tube (622) slidably disposed about a trocar (602). As
shown in FIG. 11, anvil sensing tube (620) extends proxi-
mally into an actuator handle assembly (610). Actuator
handle assembly (610) of the present example includes a
trigger (614) pivotable relative to a body (612). Trigger (614)
includes an arm or feature (616) extending outwardly from a
pivotpoint of trigger (614) such that arm (616) is pivoted with
trigger (614). In some versions, a pair of arms (616) may be
provided, such as trigger arms (76) described above. Alterna-
tively, or in addition, arm (616) may be a separate feature that
distinct from trigger arms (76). Instrument (600), trocar
(602), and/or actuator handle assembly (610) may be further
constructed in accordance with at least some of the teachings
for instrument (10), trocar (38), and/or actuator handle
assembly (70) described above.

Anvil sensing tube (622) of the present example comprises
a tubular member coaxially disposed about trocar (602),
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though it should be understood that this is merely optional. In
some versions, anvil sensing tube (622) may comprise a lon-
gitudinal bar extending along a side of trocar (602) or anvil
sensing tube (622) may include a U-shaped member partially
encircling a portion of trocar (602). Still further configura-
tions for anvil sensing tube (622) will be apparent to one of
ordinary skill in the art in view of the teachings herein. Anvil
sensing tube (622) shown in FIG. 11 includes a notch (624)
formed in a proximal portion of anvil sensing tube (622).
Accordingly, when anvil sensing tube (622) is in an unactu-
ated position, such as that shown in FIG. 11, notch (624) is not
aligned with arm (616). Instead, arm (616) abuts a portion of
anvil sensing tube (622) such that trigger (614) cannot be
pivoted relative to body (612). When anvil sensing tube (622)
is actuated proximally relative to trocar (602) to an actuated
position, as will be discussed in greater detail below, notch
(624) is aligned with arm (616) such that trigger (614) is
pivotable relative to body (612). A spring (627) is coupled to
a proximal end of anvil sensing tube (622) to bias anvil
sensing tube (622) distally relative to actuator handle assem-
bly (610).

In the present example, the longitudinal position of notch
(624) is located such that arm (616) aligns with notch (624)
only when an anvil (630) is fully seated on trocar (602) and
trocar (602) is actuated proximally into the “green zone”
described above. The “green zone” indicates that the anvil
gap, or the distance between the anvil head (not shown) and
staple driver (604), is within a desired operating range. If
anvil (630) is not fully seated on trocar (602), then spring
(627) ejects anvil (630) off of trocar (602), as will be dis-
cussed in more detail below. If anvil (630) is fully seated on
trocar (602) and notch (624) and arm (616) are aligned, the
user can operate trigger (614) to fire instrument (600). Of
course notch (624) may have other longitudinal positions on
anvil sensing tube (622). Still further configurations for anvil
sensing tube (622) and/or actuator handle assembly (610) will
be apparent to one of ordinary skill in the art in view of the
teachings herein.

Referring now to FIG. 12, anvil sensing tube (622) is
shown disposed between trocar (602) and staple driver (604).
Anvil sensing tube (622) includes a mating surface (628) at a
distal end (626) that is configured to engage an annular shelf
(640) of an anvil (630). Anvil (630) of the present example
comprises an anvil head (not shown), a shaft (634), an annular
shelf (640) formed on shaft (634), and a coupling feature (not
shown). Anvil (630) may be further constructed in accordance
with at least some of the teachings for anvil (40) described
herein. When anvil (630) is pushed onto trocar (602), annular
shelf (640) engages mating surface (628) to actuate anvil
sensing tube (622) proximally relative to trocar (602) and/or
staple driver (604). The coupling feature of anvil (630) selec-
tively couples anvil (630) to trocar (602). By way of example
only, the coupling feature may include detents (not shown)
formed on shaft (634) that engage with indentations (603) of
trocar (602). In the present example, if anvil (630) is fully
seated on trocar (602) (i.e., selectively coupled together by
the coupling feature), then spring (628) does not eject anvil
(630). If anvil (630) is not fully seated on trocar (602) (i.e., the
coupling feature did not engage and secure anvil (630) to
trocar (602)), then spring (628) ejects anvil (630). While the
ejection of anvil (630) of the present example occurs when
anvil (630) is initially coupled to trocar (602), it should be
understood that, in other versions, the ejection of anvil (630)
may occur when trocar (602) is actuated proximally via the
adjusting knob. In such an alternative version, annular shelf
(640) engages mating surface (628) when trocar (602) is
actuated proximally via the rotating knob. Of course still
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further configurations for anvil (630) and/or anvil sensing
tube (622) will be apparent to one of ordinary skill in the art
in view of the teachings herein.

Inthe present example, notch (624) does not align with arm
(616) until trocar (602) and anvil (630) are actuated proxi-
mally into the “green zone” described above. In this version,
trigger (614) is “locked” until anvil (630) is both fully seated
and positioned in the “green zone.” In other versions, notch
(624) may align with arm (616) of trigger (614) when anvil
(630) is initially fully seated on trocar (602). In this version,
the user may partially pivot trigger (614) to determine that
anvil (630) is fully seated on trocar (602) prior to actuating
trocar (602) and anvil (630) proximally via the rotating knob.
Accordingly, the user may be provided with a form of tactile
feedback indicating anvil (630) is fully seated on trocar (602).
Of course still further versions of anvil sensing tube (622)
and/or annular shelf (640) will be apparent to one of ordinary
skill in the art in view of the teachings herein.

For instance, in the example shown in FIG. 13, an alterna-
tive anvil sensing tube (722) is shown having a cup (724)
configured to receive and guide annular shelf (640) of anvil
(630) into engagement with mating surface (728) of anvil
sensing tube (722). Anvil sensing tube (722) may be further
constructed in accordance with anvil sensing tube (622)
described above. Accordingly, when annular shaft (640)
engages mating surface (728), anvil sensing tube (722) is
configured to permit a trigger, such as trigger (614) to be
operated to fire the instrument. While the example shown
includes annular shelf (640), in other versions, cup (724) may
be configured to mate with a shaft (634) that omits annular
shelf (640).

FIG. 14 depicts an alternative anvil (800) that may be used
to engage anvil sensing tubes (622, 722). Anvil (800) com-
prises an anvil head (not shown), a shaft (802), and a pair of
pegs (810) extending outwardly from shaft (802). Shaft (802)
of the present example comprises a split collet configured to
fit over and selectively couple to a flared portion (822) of a
trocar (820). In some versions shaft (802) may comprise a
magnetic member (804) to be magnetically guided towards
trocar (820). In addition, or in the alternative, trocar (820)
and/or flared portion (822) may comprise a magnetic member
(824) to guide shaft (802) onto trocar (820). Pegs (810) are
configured to engage mating surfaces (628, 728) in a substan-
tially similar manner to annular shelf (640). Accordingly,
when shaft (802) is coupled to trocar (820) and pegs (810)
engage mating surface (628, 728), anvil (800) and trocar
(820) can be actuated proximally via an adjusting knob such
that anvil sensing tube (622, 722) engages and/or disengages
a locking feature, such as arm (616) and notch (624)
described above. In some versions, mating surfaces (628,
728) may include a recessed portion (not shown) such that
pegs (810) snap into the recessed portion to selectively secure
anvil (800) to anvil sensing tubes (622, 722).

In yet a further version, FIG. 15 depicts an alternative
trocar (850) having spring-loaded pins (852) biased out-
wardly against an anvil sensing tube (860). Anvil sensing tube
(860) of the present example may be constructed in accor-
dance with at least some of the teachings for anvil sensing
tubes (622, 722) described above. Anvil (870) of the present
example includes a shaft (872) that has a pair of openings
(874) into which pins (852) spring into when shaft (872) is
pushed onto trocar (850). Accordingly, when anvil (870) is
inserted onto trocar (850), shaft (872) engages anvil sensing
tube (860) and pushes anvil sensing tube (860) proximally
relative to trocar (850). Once shaft (872) has actuated anvil
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sensing tube (860) proximally a predetermined distance, pins
(852) spring into openings (874), thereby securing shaft (872)
to trocar (850).

Of course still further configurations for anvils (630, 800,
870), anvil sensing tubes (622, 722), and/or trocars (602, 820,
850) will be apparent to one of ordinary skill in the art in view
of the teachings herein.

E. Exemplary Lockout Features

While the foregoing examples have demonstrated various
anvil detection assemblies, it may be preferable for the fore-
going assemblies to engage one or more lockout features to
release trigger (74) to fire instrument (10). For instance, in
some versions it may be preferable for the anvil detection
features to pop out a lockout button that must be depressed or
operated by the user to release trigger (74), thereby prevent-
ing instrument (10) from being fired until anvil (40) is prop-
erly coupled to trocar (38) and the lockout button is operated
by the user. Alternatively, it may be preferable for the anvil
detection assembly to release an indicator and release lockout
feature (82) such that the indicator visually indicates that
anvil (40) is fully seated on trocar (38) and that the lockout
feature can be disengaged to operate trigger (74). Accord-
ingly, it should be understood that the following examples
may be combined with one or more of the foregoing anvil
detection assemblies and/or with any other anvil detection
assembly as will be apparent to one of ordinary skill in the art
in view of the teachings herein.

i. Exemplary Lockout Button Assembly Having a
Three Position Button

FIGS. 16A-17 depict an exemplary surgical instrument
(900) having an exemplary lockout button assembly (950).
Referring initially to FIG. 16A, lockout button assembly
(950) comprises an anvil sensing shaft (960) extending lon-
gitudinally into actuator handle assembly (930) to engage a
button (970). Anvil sensing shaft (960) includes a proximal
end (962) having an obliquely angled camming surface (964)
configured to engage button (970). Anvil sensing shaft (960)
may be further constructed in accordance with the teachings
for anvil sensing tube (622) described herein, though it should
beunderstood that any ofthe foregoing anvil detecting assem-
blies may be used in addition or in the alternative to anvil
sensing shaft (960). Actuator handle assembly (930) of the
present example includes a body (938) having a first lateral
hole (940) (shown in phantom in FIG. 17), a second lateral
hole (942), a first channel (944) (shown in phantom in FIG.
17), a second channel (946), and a vertical slot (948). Button
(970) comprises an inner member (972), an intermediate
member (974), an intermediate axle (976), and an outer mem-
ber (978). In the present example, first lateral hole (940) is
sized to permit intermediate member (974) of button (970) to
pass therethrough. Second lateral hole (942) is sized to permit
outer member (978) to pass therethrough, but is sized to not
permit intermediate member (974) therethrough. First chan-
nel (944) is configured to permit inner member (972) to
actuate vertically along first channel (944). Second channel
(946) is configured to permit intermediate axle (976) to actu-
ate vertically along second channel (946). Finally, vertical
slot (948) is configured to permit intermediate member (974)
to actuate vertically therein. Of course still further configu-
rations for button (970) and/or body (938) will be apparent to
one of ordinary skill in the art in view of the teachings herein.

Referring to FIGS. 16A and 17, button (970) is initially
positioned such that inner member (972) mechanically inter-
feres with the actuation of trigger (932). In the example
shown, button (970) is positioned such that a protrusion (934)
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extending from trigger (932) abuts inner member (972) to
prevent a user from pivoting trigger (932). As shown in FIG.
16A, intermediate member (974) is within first lateral hole
(940) and outer member (978) is within second lateral hole
(942), thereby forming a substantially flush outer surface of
body (938). When anvil sensing shaft (960) is actuated proxi-
mally via attachment of an anvil, such as anvil (40), camming
surface (964) engages inner member (972) to cam button
(970) outwardly, as shown in FIG. 16B. When button (970) is
cammed outwardly, outer member (978) extends outward
from second lateral hole (942), intermediate axle (976) sub-
stantially aligns with second channel (946), intermediate
member (974) enters into vertical slot (948), and inner mem-
ber (972) substantially aligns with first channel (944). As
shown in FIG. 16B, outer member (978) provides visual
indication (via protruding out of body (938)) that anvil sens-
ing shaft (960) has been actuated proximally relative to actua-
tor handle assembly (930) and that the anvil is fully seated on
the trocar. In this position, inner member (972) still mechani-
cally interferes with the actuation of trigger (932). In the
present example, button (970) is actuated outwardly to the
position shown in FIG. 16B by anvil sensing shaft (960) when
the anvil is initially coupled to the trocar. Once the anvil is
coupled, the user can reduce the anvil gap via an adjusting
knob, such as adjusting knob (98) described above. Once the
device is within the desired operating range, or “green zone,”
the user can actuate button (970) downwardly via sliding
outer member (978) along the outer surface of body (938). In
the present example, intermediate axle (976) slides within
second channel (946), intermediate member (974) slides
within vertical slot (948), and inner member (972) slides
along first channel (944). Accordingly, as shown in FIG. 16C,
inner member (972) is actuated to a position such that protru-
sion (934) of trigger (932) is no longer impeded by inner
member (972). The user may then fire instrument (900).
While the foregoing example has been described in reference
to a vertical lockout button assembly (950) it should be under-
stood that other orientations for assembly (950) may be used,
such as longitudinal and/or any other angle. Furthermore,
while the foregoing example has been described in reference
to linear motion to describe actuating the lockout button
assembly (950), it should be understood that other orienta-
tions for actuating the outer member (978) may be used,
including rotation.

In some versions, button (970) is cammed via anvil sensing
shaft (960) when the anvil and trocar are actuated proximally
via the adjusting knob. In addition, or in the alternative, a
lockout feature, such as lockout feature (82) described above,
may be provided to lockout trigger (932) unless the anvil and
trocar are within the “green zone,” thereby providing a sec-
ondary lockout assembly. In yet a further configuration, inner
member (972) may be configured such that when button (970)
is cammed outwardly via anvil sensing shaft (960), inner
member (972) no longer interferes with protrusion (934) of
trigger (932). In this configuration, channels (944, 946), ver-
tical slot (948), intermediate member (974) and/or interme-
diate axle (976) may be omitted. Further still, a spring (not
shown) may be interposed between intermediate member
(974) and/or inner member (972) and a portion of body (938)
to bias button (970) inwardly such that button (970) is not
actuated outwardly unless anvil sensing shaft (960) cams
button (970) against the spring bias. The user may then fire
instrument (900). Of course still further configurations for
surgical instrument (900) and/or lockout button assembly
(950) will be apparent to one of ordinary skill in the art in view
of the teachings herein.
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By way of example only, FIGS. 18 A-18C depict an exem-
plary surgical instrument (1000) having an exemplary lock-
out button assembly (1050). Referring initially to FIG. 18A,
lockout button assembly (1050) comprises an anvil sensing
shaft (1060) extending longitudinally into actuator handle
assembly (1030) to engage a button (1070). Anvil sensing
shaft (1060) includes a proximal end (1062) having an
obliquely angled camming surface (1064) configured to
engage button (1070). Anvil sensing shaft (1060) may be
further constructed in accordance with the teachings for anvil
sensing tube (622) described herein, though it should be
understood that any of the foregoing anvil detecting assem-
blies may be used in addition or in the alternative to anvil
sensing shaft (1060). Actuator handle assembly (1030) of the
present example includes a body (1038) having a hole (1040).
Button (1070) comprises an inner member (1072), a paddle
feature (1074) on inner member (1072), and an outer member
(1076). In the present example, hole (1040) is sized to permit
outer member (1076) of button (1070) to pass therethrough.
Of course further configurations for button (1070) and/or
body (1038) will be apparent to one of ordinary skill in the art
in view of the teachings herein.

Referring to FIG. 18 A, button (1070) is initially positioned
such that paddle feature (1074) mechanically interferes with
the actuation of a trigger (1032). In the example shown, a
protrusion (1034) extending from trigger (1032) abuts paddle
feature (1074) to prevent a user from pivoting trigger (1032),
though other features may be provided to prevent the user
from pivoting trigger (1032). As shown in FIG. 18A, outer
member (1076) is within hole (1040) of body (1038), such
that outer member (1076) is substantially flush with the outer
surface of body (1038). When anvil sensing shaft (1060) is
actuated proximally via attachment of an anvil, such as anvil
(40), camming surface (1064) engages inner member (1072)
to cam button (1070) outwardly to a second position, as
shown in FIG. 18B. When button (1070) is cammed out-
wardly, outer member (1076) extends outward from hole
(1040). Outer member (1076) thus provides a visual indica-
tion (by protruding out of body (1038)) that anvil sensing
shaft (1060) has been actuated proximally relative to actuator
handle assembly (1030) and that the anvil is fully seated on
the trocar. Once the anvil is coupled, the user can reduce the
anvil gap via an adjusting knob, such as adjusting knob (98)
described above. Paddle feature (1074) continues to prevent
actuation of trigger (1032) at this stage. Once the anvil gap is
within the desired operating range, or “green zone,” the user
rotates button (1070) via outer member (1076) to a third
position. As shown in FIG. 18C, in one merely exemplary
version, the user rotates button (1070) such that paddle fea-
ture (1074) is oriented approximately 180 degrees relative to
the initial position shown in FIG. 18A. Accordingly, paddle
feature (1074) is rotated to a position such that protrusion
(1034) of trigger (1032) is no longer impeded by paddle
feature (1074). The user may then fire instrument (900).

FIGS. 19A-19F depict yet another exemplary surgical
instrument (1100) having an exemplary lockout button
assembly (1150). Referring initially to FIG. 19A, lockout
button assembly (1150) comprises an anvil sensing pin
(1160) coupled to an anvil sensing rod (not shown) that
extends longitudinally into an actuator handle assembly to
engage a button (1170). In the present example, button (1170)
comprises an inner portion (1172), an intermediate portion
(1176) and an outer portion (1178). A spring (1180) is asso-
ciated with inner portion (1172) and biases button (1170)
laterally relative to a body (1138) (a cut away portion of
whichis shown in FIGS. 19A and 19C, but is omitted in FIGS.
19B and 19D-F for clarity). In the present example, outer

30

40

45

22

portion (1178) of button (1170) is initially positioned within
an opening (1139) in body (1138) and is substantially flush
with the exterior of body (1138) in the first position. Inner
portion (1172) of button (1170) includes a hole (1174) that is
configured to receive anvil sensing pin (1160). Of course it
should be understood that hole (1174) may be formed in
intermediate portion (1176) and/or outer portion (1178) or, in
some versions, omitted entirely. Intermediate portion (1176)
of the present example comprises a rectangular member
defined by a first dimension d1 and a second dimension d2
such that d2 is less than d1. Intermediate portion (1176) will
be described in more detail below. Inner portion (1172) and
outer portion (1178) are depicted as cylindrical members
having diameters that are substantially equal to first dimen-
sion d1, though this is merely optional and inner portion
(1172) and/or outer portion (1178) may have other shapes
and/or configurations as will be apparent to one of ordinary
skill in the art in view of the teachings herein.

Surgical instrument (1100) also includes a firing rod
(1140) having a stepped aperture (1142) formed therethrough
and configured to receive button (1170). Firing rod (1140) is
coupled to a trigger (not shown) and is operable to actuate a
staple driver (not shown) of instrument (1100). In the present
example, stepped aperture (1142) comprises a first portion
(1144) and a second portion (1146) with a step (1148). First
portion (1144) is sized to be substantially equal to first dimen-
sion d1 such that intermediate portion (1176 ) of button (1170)
can actuate laterally through first portion (1144). Second
portion (1146) is located proximally of first portion (1144)
and is reduced in size by step (1148). Second portion (1146)
is sized to be substantially equal to second dimension d2 of
intermediate portion (1176) such that firing rod (1140) can
actuate longitudinally relative to intermediate portion (1176)
when button (1170) is rotated to a third position, shown in
FIGS. 19D-19F and described in greater detail below.

As shown in FIG. 19, initially anvil sensing pin (1160) is
inserted through hole (1174) of inner portion (1172). In some
versions, anvil sensing pin (1160) may be only partially
inserted into hole (1174) and/or hole (1174) does not extend
through inner portion (1172) of button (1170). In this first
position, anvil sensing pin (1160) prevents spring (1180)
from biasing button (1170) laterally to protrude outer portion
(1178) out of body (1138) through opening (1139). In addi-
tion, intermediate portion (1176) is initially positioned such
that intermediate member (1176) is positioned within first
portion (1144) of stepped aperture (1142) and is oriented with
first dimension d1 perpendicular to the vertical plane along
which the central axis of firing rod (1140) extends. As shown
in FIG. 19A, intermediate portion (1176) interferes with dis-
tal actuation of firing rod (1140) due to step (1148) abutting
intermediate portion (1176).

Once an anvil, such as anvil (40) described above, is fully
seated, anvil sensing pin (1160) is retracted distally relative to
button (1170) to disengage from hole (1174), as shown in
FIG. 19B. Spring (1180) urges button (1170) laterally relative
to body (1138) (shown in FIG. 19A), such that outer portion
(1178) protrudes through opening (1139) to a second position
shown in FIG. 19C. In addition, with button (1170) in the
second position, inner portion (1172) is positioned within first
portion (1144) of stepped aperture (1142) such that firing rod
(1140) cannot be actuated longitudinally relative to button
(1170). In some versions, spring (1180) may be omitted and
button (1170) may be manually actuated to the second posi-
tion.

With outer portion (1178) protruding from body (1138)
and thereby being exposed for grasping, the user rotates but-
ton (1170) to a third position, for instance by rotating button
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(1170) 90 degrees, such that intermediate portion (1176) is
oriented with second dimension d2 perpendicular to the ver-
tical plane along which the central axis of firing rod (1140)
extends, as shown in FIG. 19D. In this position, inner portion
(1172) is still positioned within first portion (1144) of stepped
aperture (1142) such that firing rod (1140) cannot be actuated
longitudinally relative to button (1170). The user then actu-
ates button (1170) into body (1138) such that intermediate
portion (1176) is aligned within stepped aperture (1142), as
shown in FIG. 19E. As shown, with intermediate portion
(1176) rotated to have second dimension d2 perpendicular to
the vertical plane along which the central axis of firing rod
(1140) extends, firing rod (1140) may then be actuated lon-
gitudinally relative to button (1170) since step (1148) and
intermediate portion (1176) no longer abut and engage each
other. Accordingly, the user may then fire instrument (1100).
Of course other configurations and or assemblies will be
apparent to one of ordinary skill in the art in view of the
teachings herein.

ii. Exemplary Lockout Button Assembly Having a
Palm Button

FIG. 20A-20C depicts an exemplary alternative surgical
instrument (1200) having exemplary lockout button assembly
(1250). Referring initially to FIG. 20A, surgical instrument
(1200) of the present example comprises a stapling head
assembly (not shown), a shaft assembly (1220), and an actua-
tor handle assembly (1230). Shaft assembly (1220) extends
distally from actuator handle assembly (1230) and the sta-
pling head assembly is coupled to a distal end of shaft assem-
bly (1220). Inbrief, actuator handle assembly (1230) includes
atrigger (1232) that is operable to actuate a staple driver (not
shown) of the stapling head assembly to drive a plurality of
staples (not shown) out of the stapling head assembly. The
staples are bent to form completed staples by an anvil (not
shown), such as anvil (40), that is attached to a trocar that
extends out from the distal end of instrument (1200). Accord-
ingly, tissue may be stapled utilizing instrument (1200). The
stapling head assembly, shaft assembly (1220), and actuator
handle assembly (1230) may be further constructed in accor-
dance with stapling head assembly (20), shaft assembly (60),
and actuator handle assembly (70) described above.

In the example shown, lockout button assembly (1250) of
the present example comprises an anvil sensing shaft (1260),
a palm button (1270), and a pivot member (1280). FIG. 20A
depicts anvil sensing shaft (1260), palm button (1270), and
pivot member (1280) in an initial, locked position. In this
position, pivot member (1280) is configured to mechanically
interfere with pivoting of a lockout feature (1234) such that
trigger (1232) cannot be actuated. By way of example only,
pivot member (1280) mechanically interferes with lockout
feature (1234) via an arm (1286) that extends outwardly from
a distal end (1284) of pivot member (1280). Lockout feature
(1234) may be constructed in substantial accordance with
lockout feature (82) described herein. Palm button (1270) in
the present example is substantially flush with the exterior of
instrument (1200), though this is merely optional and palm
button (1270) may be inset or protrude relative to the exterior
of instrument (1200). Anvil sensing shaft (1260) includes a
proximal end feature (1262) configured to engage palm but-
ton (1270) and pivot member (1280). In the initial position
shown in FIG. 20A, proximal end feature (1262) is disen-
gaged from palm button (1270) and pivot member (1280). By
way of example only, proximal end feature (1262) may be
located distally of both palm button (1270) and pivot member
(1280) such that a space is formed between palm button
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(1270) and pivot member (1280). Accordingly, even if a user
attempts to actuate of palm button (1280) inwardly toward
pivot member (1280) in this initial, locked position, palm
button (1270) does not engage pivot member (1280). Thus,
pivot member (1280) and arm (1286) remain in a position to
mechanically interfere with lockout feature (1234). In some
versions, pivot member (1280) may include a spring (not
shown) to bias arm (1282) towards interfering with lockout
feature (1234).

In the present example, proximal end feature (1262)
includes a camming surface (1264), a button surface (1266),
and a lever arm (1268). As shown in FIG. 20B, camming
surface (1264) is operable to engage and cam palm button
(1270) outwardly when anvil sensing shaft (1260) is actuated
proximally relative to actuator handle assembly (1230), such
as by attachment of an anvil and adjustment of the anvil and
trocar into the “green zone.” Palm button (1270) may thus
provide a visual indicator that the anvil is properly attached
and the device is within the operating range. Once palm
button (1270) is cammed outwardly, at least part of palm
button (1270) is adjacent to button surface (1266) such that
palm button (1270) may engage button surface (1266) when
palm button (1270) is pushed inwardly. In addition, lever arm
(1268) of proximal end feature (1262) is aligned with a proxi-
mal end (1282) of pivot member (1280). Anvil sensing shaft
(1260) may be further constructed in accordance with the
teachings for anvil sensing tube (622) described herein,
though it should be understood that any of the foregoing anvil
detecting assemblies may be used in addition or in the alter-
native to anvil sensing shaft (1260).

When palm button (1270) and proximal end feature (1262)
are aligned, as shown in FIG. 20B, the user presses palm
button (1270) inwardly, thereby engaging lever arm (1268)
with proximal end (1282) of pivot member (1280). Accord-
ingly, when lever arm (1268) pivots pivot member (1280)
about pivot (1281) by a predetermined amount, shown in FIG.
20C, arm (1286) no longer mechanically interferes with lock-
out feature (1234). The user may then pivot lockout feature
(1234) to unlock trigger (1232) to fire instrument (1200).
While one merely exemplary configuration for a lockout
assembly (1250) having a palm button (1270) has been
described, still further configurations will be apparent to one
of'ordinary skill in the art in view of the teachings herein. For
instance, in some versions proximal end feature (1262) omits
camming surface (1264) and palm button (1270) does not
cam outwardly relative to the exterior of instrument (1200).

iii. Exemplary Lockout Button Assembly Having an
Interlock Assembly

FIGS. 21A-23 depict yet another exemplary lockout button
assembly (1300) comprising a spring-loaded push rod
(1310), a spring-loaded pin (1320), and a pivotable lockout
feature (1340). FIG. 21A, depicts spring-loaded push rod
(1310), spring-loaded pin (1320), and pivotable lockout fea-
ture (1340) shown in an initial or locked position and con-
tained within a body (1350) of an exemplary surgical instru-
ment, such as instrument (10) described above. In the present
example, body (1350) includes a pin hole (1352) sized to
permit an outer portion (1338) of pin (1320) to extend there-
through. In some versions, pin hole (1352) may be sized to
permit outer portion (1338) to extend therethrough, but com-
prises a smaller diameter than an intermediate portion (1332),
thereby only permitting outer portion (1338) to protrude
through. Of course it should be understood that pin hole
(1352) is merely optional and may be omitted in some ver-
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sions. Body (1350) may be further constructed in accordance
with at least some of the teachings for body (72) described
above.

Referring first to spring-loaded push rod (1310), push rod
(1310) comprises an elongated rod extending longitudinally
within a surgical instrument. A spring (1312) engages a proxi-
mal end of push rod (1310) to provide a distal bias. By way of
example only, push rod (1310) may be configured to be actu-
ated proximally when an anvil, such as anvil (40) is coupled to
a trocar, such as trocar (38), and both the anvil and trocar are
actuated into the operating range or “green zone” described
above. Referring to FIG. 22 briefly, push rod (1310) includes
a lateral hole (1314) and a longitudinal slot (1316) formed
through push rod (1310). In the present example, lateral hole
(1314) is sized to permit an intermediate portion (1332) of pin
(1320) to pass through lateral hole (1314). Longitudinal slot
(1316) is sized to permit an intermediate axle (1334) of pin
(1320) to slide along longitudinal slot (1316). As shown in
FIG. 22, pin (1320) and push rod (1310) are shown in the
initial or locked position with push rod (1310) actuated dis-
tally via spring (1312), thereby laterally restraining pin
(1320) with axle (1334) within slot (1316). In addition, or in
the alternative, push rod (1310) may be constructed in accor-
dance with the teachings for anvil sensing tube (622)
described herein, though it should be understood that any of
the foregoing anvil detecting assemblies may be incorporated
into the present lockout button assembly (1300). Still other
configurations for push rod (1310) will be apparent to one of
ordinary skill in the art in view of the teachings herein.

FIG. 21A also depicts pin (1320) coupled to a spring
(1322) such that pin (1320) is biased laterally toward pin hole
(1352). Pin (1320) comprises an inner portion (1324), an
inner axle (1328), an intermediate portion (1332), an inter-
mediate axle (1334), and an outer portion (1338). In the
present example, intermediate portion (1332) and outer por-
tion (1338) are substantially dimensioned the same while
inner portion (1324) includes an enlarged portion (1326). Of
course it should be understood that this is merely optional. In
some versions, inner portion (1324), intermediate portion
(1332), and outer portion (1338) are all substantially dimen-
sioned the same. In other versions, inner portion (1324),
intermediate portion (1332), and outer portion (1338) all
comprise different sizes and/or shapes. Accordingly, the lat-
eral actuation of pin (1320) may be controlled by having
varying sizes and/or shapes for inner portion (1324), interme-
diate portion (1332), and outer portion (1338). Inner axle
(1328) couples inner portion (1324) to intermediate portion
(1332) and is substantially smaller than either inner portion
(1324) and/or intermediate portion (1332). In the present
example, axle (1328) is configured to permit lockout feature
(1340) to be pivoted while axle (1328) rides within an arcuate
slot (1349), described in greater detail below. Intermediate
axle (1334) couples intermediate portion (1332) to outer por-
tion (1338) and is substantially smaller than either interme-
diate portion (1332) and/or outer portion (1338). In the
present example, axle (1334) is configured to permit push rod
(1310) to be actuated proximally relative to axle (1334) while
axle (1334) rides within longitudinal slot (1316), described
above.

Lockout feature (1340) of the present example comprises
an arm (1342), a pivot member (1344), and a main body
(1346). Arm (1342) is configured to abut a trigger (not shown)
in a substantially similar manner to lockout feature (82)
described above. Pivot member (1344) is configured to
couple to a portion of body (1350), such as a recess, to permit
lockout feature (1340) to be pivoted relative to body (1350).
Main body (1346) comprises a sector, or pie-shaped, compo-
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nent having a hole (1348) and an arcuate slot (1349). Hole
(1348) is sized to permit passage of intermediate portion
(1332) of pin (1320) through hole (1348), but does not permit
enlarged portion (1326) of inner portion (1324) to pass
through. Arcuate slot (1349) is configured to permit inner axle
(1328) to be slidably received within arcuate slot (1349).
Accordingly, when inner axle (1328) is within hole (1348),
such as that shown in FIG. 21B, lockout feature (1340) may
be pivoted such that arcuate slot (1349) slides about inner axle
(1328). Accordingly, when lockout feature (1340) is pivoted,
arm (1342) no longer impedes actuation of the trigger,
thereby allowing the user to fire the instrument. When lockout
feature (1340) is in the first or locked position shown in FIGS.
21A and 23, lockout feature (1340) prevents the trigger from
actuating and lockout feature (1340) is prevented from piv-
oting via the interference provided by the presence of inter-
mediate portion (1332) of pin (1320) within hole (1348). Of
course still further configurations for lockout feature (1340)
will be apparent to one of ordinary skill in the art in view of
the teachings herein.

Referring now to the sequence depicted in FIGS. 21A-21B,
initially spring-loaded push rod (1310), spring-loaded pin
(1320), and pivotable lockout feature (1340) are in an initial
or locked position. In this position, arm (1346) of lockout
feature (1340) inhibits actuation of the trigger, lockout feature
(1340) is prevented from pivoting because of the presence of
intermediate portion (1332) within hole (1348), and pin
(1320) is prevented from laterally actuating via spring (1322)
because intermediate portion (1332) abuts push rod (1310)
and is not aligned with lateral hole (1314). In the example
shown, outer portion (1338) is within pin hole (1352) and is
flush with the exterior of body (1350). When the user attaches
an anvil, such as anvil (40), to a trocar, such as trocar (38),
anvil may engage a distal end of push rod (1310) and begin to
actuate push rod (1310) proximally against the bias provided
by spring (1312). As noted with some of the foregoing
examples, spring (1312) may provide a sufficient distal force
such that the anvil is ejected off of the trocar if the anvil is not
fully seated. As the anvil is coupled to the trocar, longitudinal
slot (1316) begins to slide proximally relative to intermediate
axle (1334) to move lateral hole (1314) into closer alignment
with intermediate portion (1332). Once the anvil and trocar
are positioned within the operating range or “green zone,”
lateral hole (1314) and intermediate portion (1332) align.
Spring (1322) urges pin laterally, thereby pushing intermedi-
ate portion (1332) into lateral hole (1314) and aligns inner
axle (1328) with arcuate slot (1349) of lockout feature (1340),
as shown in FIG. 21B. Enlarged portion (1326) abuts lockout
feature (1340) to prevent spring (1322) from ejecting pin
(1320) too far or out of the device. With inner axle (1328) and
arcuate slot (1349) aligned, the user may pivot lockout feature
(1340) about pivot member (1344), thereby releasing the
trigger and permitting the user to fire the instrument. In some
versions, a rotational spring (not shown) may be coupled to
lockout feature (1340) to automatically pivot lockout feature
(1340), though this is merely optional. In the present
example, spring (1322) also extends outer portion (1338) of
pin (1320) out of pin hole (1352). The protrusion of outer
portion (1338) through pin hole (1352) can be used as a visual
indicator by the user that the instrument is within the operat-
ing range such that lockout feature (1340) may be pivoted to
release the trigger. Of course, in some versions outer portion
(1338) and/or pin hole (1352) may be omitted. Still further
configurations for lockout button assembly (1300) will be
apparent to one of ordinary skill in the art in view of the
teachings herein.
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It should be understood that any one or more of the teach-
ings, expressions, embodiments, examples, etc. described
herein may be combined with any one or more of the other
teachings, expressions, embodiments, examples, etc. that are
described herein. The above-described teachings, expres-
sions, embodiments, examples, etc. should therefore not be
viewed in isolation relative to each other. Various suitable
ways in which the teachings herein may be combined will be
readily apparent to those of ordinary skill in the art in view of
the teachings herein. Such modifications and variations are
intended to be included within the scope of the claims.

It should be appreciated that any patent, publication, or
other disclosure material, in whole or in part, that is said to be
incorporated by reference herein is incorporated herein only
to the extent that the incorporated material does not conflict
with existing definitions, statements, or other disclosure
material set forth in this disclosure. As such, and to the extent
necessary, the disclosure as explicitly set forth herein super-
sedes any conflicting material incorporated herein by refer-
ence. Any material, or portion thereof, that is said to be
incorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure material
set forth herein will only be incorporated to the extent that no
conflict arises between that incorporated material and the
existing disclosure material.

Embodiments of the present invention have application in
conventional endoscopic and open surgical instrumentation
as well as application in robotic-assisted surgery. For
instance, those of ordinary skill in the art will recognize that
various teaching herein may be readily combined with vari-
ous teachings of U.S. Pat. No. 6,783,524, entitled “Robotic
Surgical Tool with Ultrasound Cauterizing and Cutting
Instrument,” published Aug. 31, 2004, the disclosure of
which is incorporated by reference herein.

By way of example only, embodiments described herein
may be processed before surgery. First, a new or used instru-
ment may be obtained and if necessary cleaned. The instru-
ment may then be sterilized. In one sterilization technique,
the instrument is placed in a closed and sealed container, such
asaplastic or TYVEK bag. The container and instrument may
then be placed in a field of radiation that can penetrate the
container, such as gamma radiation, x-rays, or high-energy
electrons. The radiation may kill bacteria on the instrument
and in the container. The sterilized instrument may then be
stored in the sterile container. The sealed container may keep
the instrument sterile until it is opened in a medical facility. A
device may also be sterilized using any other technique
known in the art, including but not limited to beta or gamma
radiation, ethylene oxide, or steam.

Embodiments of the devices disclosed herein can be recon-
ditioned for reuse after at least one use. Reconditioning may
include any combination of the steps of disassembly of the
device, followed by cleaning or replacement of particular
pieces, and subsequent reassembly. In particular, embodi-
ments of the devices disclosed herein may be disassembled,
and any number of the particular pieces or parts of the devices
may be selectively replaced or removed in any combination.
Upon cleaning and/or replacement of particular parts,
embodiments of the devices may be reassembled for subse-
quent use either at a reconditioning facility, or by a surgical
team immediately prior to a surgical procedure. Those skilled
in the art will appreciate that reconditioning of a device may
utilize a variety of techniques for disassembly, cleaning/re-
placement, and reassembly. Use of such techniques, and the
resulting reconditioned device, are all within the scope of the
present application.
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Having shown and described various embodiments of the
present invention, further adaptations of the methods and
systems described herein may be accomplished by appropri-
ate modifications by one of ordinary skill in the art without
departing from the scope of the present invention. Several of
such potential modifications have been mentioned, and others
will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions,
ratios, steps, and the like discussed above are illustrative and
are not required. Accordingly, the scope of the present inven-
tion should be considered in terms of the following claims and
is understood not to be limited to the details of structure and
operation shown and described in the specification and draw-
ings.

We claim:

1. An apparatus for stapling tissue the apparatus compris-
ing:

(a) an actuator handle assembly comprising:

1. a trigger pivotably mounted to a body, and

ii. a knob rotatably mounted to the body, wherein the
knob defines an aperture; and

(b) a stapling head assembly comprising:

i. a staple driver,

ii. a pointed rod, wherein a position of the pointed rod is
adjustable by the knob at least in the presence of a
seated anvil, and

iii. an anvil detection feature, wherein the anvil detection
feature comprises an anvil presence rod, wherein the
anvil presence rod extends into the aperture of the
knob;

wherein the trigger is operable to actuate the staple driver

distally relative to the actuator handle assembly; and

wherein the anvil detection feature is operable to prevent
the trigger from pivoting in the absence of a seated anvil.

2. The apparatus of claim 1 wherein the actuator handle
assembly further comprises a lockout feature, wherein the
lockout feature is moveable from a first position to a second
position, wherein the lockout feature in the first position
engages the trigger to prevent pivoting of the trigger, wherein
the lockout feature in the second position permits pivoting of
the trigger, wherein the anvil presence rod is operable to
prevent the lockout feature from pivoting from the first posi-
tion to the second position.

3. The apparatus of claim 2 wherein the anvil presence rod
comprises a translatable member having a protrusion.

4. The apparatus of claim 3 wherein the anvil presence rod
is biased distally relative to the actuator handle assembly.

5. The apparatus of claim 4 wherein attachment of an anvil
to the pointed rod actuates the anvil presence rod proximally.

6. The apparatus of claim 1 wherein the anvil detection
feature comprises an anvil sensing tube.

7. The apparatus of claim 6 wherein the anvil sensing tube
is coaxially disposed about the pointed rod.

8. The apparatus of claim 6 wherein the trigger comprises
a trigger arm, wherein the trigger arm abuts the anvil sensing
tube when the anvil sensing tube is in a first position.

9. The apparatus of claim 8 wherein the anvil sensing tube
comprises a recess, wherein the recess is sized to permit the
trigger arm to pivot therethrough when the anvil sensing tube
is in a second position.

10. The apparatus of claim 6 wherein the anvil sensing tube
comprises a distal cup configured to receive a shaft of an
anvil.



